It was found that immersion time and temperature were the most significant factors affecting the WL during osmotic dehydration of plum followed by concentration of sucrose solution. This was also true for WR. Effect of temperature and time were more pronounced for SG than the concentration of sucrose solution.
INTRODUCTION
Fruits and vegetables play a very important role in our diet and nutrition, since they are a source of not only raw fiber but also essential nutrients, vitamins, and minerals. [1] Plum is an important temperate zone fruit crop. They come in a wide variety of colours and sizes. Some are much firmer fleshed than others are, and some have yellow, white, green or red flesh, with equally varying skin colour. Plums are rich in sugars and carotenes, low in fat and low in calorie. They are an excellent source of vitamin A, calcium, magnesium, iron, potassium and fiber. Like all fruits, plums contain a substantial amount of vitamin C. The plum and the food processed from it have been widely consumed due to its possible health benefits. In addition, the plum is believed to have a natural remedy against various diseases. [2] Although several studies have been carried out to optimize the osmotic dehydration of fruits and vegetables by RSM, [12, 15, 28, 29, 30, 31] negligible work has been done on osmotic dehydration of plum. Thus, the objective of the present study was to determine the effect of sucrose concentration (30-60 g/100g sample), temperature of sucrose solution (40-60°C) and immersion time (60-240 min) on the water loss, solid gain, weight reduction, and shrinkage of plum during osmotic dehydration using response surface methodology.
MATERIAL AND METHODS

Material
Samples of plums (Prunus spinosa L. Var. Bukharensis) were purchased from Golmakan Research Institute, Iran. The fruits were transported in plastic bags and sorted visually for colour (maturity) size (mass and diameter) and physical damage once in laboratory. Since the epicuticular wax is the limiting factor for the plums' moisture loss, samples were washed and then dipped into sodium hydroxide (1.5%, v/v) for 1 minute at room temperature in order to increase the permeability of the skin. Then the plums were neutralized with 1% ascorbic acid. Plums were stored in a cold chamber at 4°C until use, and their initial moisture content was 70% expressed in wet basis. Moisture content was determined by heating in a drying oven at 105°C for 48 h according to AOAC method 931.04. [32] 
Osmotic Dehydration
Osmotic solutions were prepared by mixing food grade sucrose with the required amount of pure water. Plums were immersed in the osmotic solutions of given concentration (30-60 g/100 g sample) and temperature (40-60°C) during a given immersion time (60-240 min). A ratio of plum:sugar solution (1:4, by weight) was chosen in order to avoid significant dilution during osmotic treatment [33] . The use of highly concentrated viscous sugar solutions creates major problems such as floating of food pieces, hindering the contact between the food material and the osmotic solution, causing a reduction in the mass transfer rates. Mavroudis, Gekas, and Sjoholm [34] explain that the increase of agitation level could be a good alternative for this case.
The osmotic dehydration was carried out in a 1 L beaker fitted with a screen sieve. The osmotic solution was stirred with a magnetic stirrer at 200 rpm and the temperature was controlled by placing the beaker in a water bath. In each of the experiments, fresh osmotic solutions were used. After removal from the solution, the dehydrated samples from each group were drained and blotted with absorbent paper to remove the excess solution. The weight and moisture content data of each sample were utilized in order to calculate the response variables weight reduction (WR), water loss (WL) and sugar gain (SG), according to the following equations [29, 31] :
where M i = moisture content of fresh sample (g); M o = moisture content of osmotically treated sample (g); S i = solids content of osmotically treated sample (g); S o = solids content of fresh sample (g); and W i = total weight of fresh sample (g), respectively. In order to determine the shrinkage of each sample, the plums volume was determined using the liquid displacement method. [35] Toluene (C 7 H 8 ) was used in instead of water, because it is absorbed by fruit to a lesser extent. In addition, its surface tension is low, so that it fills even shallow dips in a seed and its dissolution power is low. [36] A standard pycnometric method was used to determine the volume of weighed samples. The volume (V, m 3 ) calculated by the following relationship [35] :
where, M t is mass of pycnometer is filled by toluene; M p , mass of pycnometer; M pts , mass of pycnometer filled with toluene & sample; M ps , mass of pycnometer & sample; and r tol , density of toluene. Then, shrinkage indices during osmotic treatment of each sample were measured using the following equation:
where, V is volume of fresh plum and V 0 is volume of plum after osmotic treatment.
Experimental Design and Statistical Analysis
Response surface methodology (RSM) was used to estimate the main effects of osmotic dehydration process on shrinkage, weight reduction (WR), water loss (WL), and sugar gain (SG) in plum. A rotatable central composite design was used with sugar concentration (30-60 g/100 g sample), temperature (40-60°C) and immersion time (60-240 min) being the independent process variables. The design variables selected in this study with actual and coded levels along with response variables are shown in Table 1 .
The RSM was applied to the experimental data using a commercial statistical package, Design-Expert version 6.0.4 (Statease Inc., Minneapolis, USA). The experimental design included star points, and six centre points (0, 0, 0). The response functions (Y) were shrinkage, WR, WL, and SG. These values were related to the coded variables (x i , i = 1, 2 and 3) by a second-degree polynomial using the equation below: 0  1 1  2 2  3 3  11 2   2  22 2   2  33 3   2   12 1 2  13 1 3  2 23 2 3 x x + e
The coefficients of the polynomial were represented by b 0 (constant term), b 1 , b 2 and b 3 (linear effects), b 11 , b 22 and b 33 (quadratic effects), and b 12 , b 13 and b 23 (interaction effects). Statistical significance of the terms in the regression equations was examined. Regression analysis and analysis of variance (ANOVA) were conducted for fitting the models represented by Eq. (6) and to examine the statistical significance of the model terms. The adequacy of the models were determined using model analysis, lack-of fit test and R 2 (coefficient of determination) analysis. The lack of fit is a measure of the failure of a model to represent data in the experimental domain at which points were not included in the regression or variations in the models cannot be accounted for by random error [37] . If there is a significant lack of fit, as indicated by a low probability value, the response predictor is discarded. Coefficient of variation (CV) indicates the relative dispersion of the experimental points from the prediction of the model. The three-dimensional plots were drawn by keeping one variable constant at the center point and varying the other two variables within the experimental range. Response surface plots were generated with the same software. Optimal conditions for the osmotic dehydration of plum depended on sugar concentration, temperature and immersion time were obtained using the predictive equations of RSM.
RESULTS AND DISCUSSION
Fitting Models
Regression equations describing the effect of osmotic dehydration variables on the shrinkage, weight reduction (WR), water loss (WL) and sugar gain (SG) of plums are given in Table 2 . Coefficient of determination, R 2 , is defined as the ratio of the explained variation to the total variation and is a measure of the degree of fit. [38] The response surface models developed in this study for predicting the shrinkage, WR, WL and SG were adequate. The R 2 values were 0.994, 995, 0.972, and 0.989, for WL, WR, SG, and shrinkage, respectively. Since the R 2 values were higher than 0.80, the regression models explain the process well. [39] These results showed that the model for WL, SG, WR, and shrinkage could explain 99.4, 99.5, 97.2, and 98.9% of the variations, respectively. This means only less than 3% of the variation was due to other factors not included in the model. The lack of fit (Table 2) , which measures the fitness of the model, did not result in a significant F-value in case of WL, WR, SG, and shrinkage, indicating that these models are sufficiently accurate for predicting those responses. As a rule, the coefficient of variation (CV) should not be greater than 10%. In this study, the coefficients of variation were less than 10% for all the responses (Table 2) , a relatively lower value of the coefficient of variation indicates better precision and reliability of the experiments carried out. Water loss (WL) was mainly affected linearly by immersion time, temperature and sucrose concentration and the effect of these factors were highly significant (p < 0.001). The quadratic effect of temperature was only significant at 5% level. The results also showed that the interaction between immersion time and sucrose concentration were also significant for WL at 1% level. These results were also true for weight reduction (WR), meaning that WR was also effected by all three factors. As for sugar gain (SG), sucrose concentration, temperature and immersion time were found significant. The quadratic effect of immersion time and temperature on SG was significant at 0.001 level whereas sucrose concentration was significant at 5% level. The interaction of temperature and time and sucrose concentration and time were significant at 0.001% and 0.01% level, respectively. Shrinkage was mainly affected linearly by temperature and sucrose concentration whereas immersion time was not significant. The quadratic effects of sucrose concentration were significant at 0.001 level wile emersion time and temperature was significant at 0.05 levels. It showed only a significant interaction effect between temperature with time and temperature with sucrose concentration at p < 0.001 with a negative effect.
To visualize the combined effects of the two factors on the response, the response surface was generated for each of the fitted models in function of two variables, while keeping other variable at the central values. Figure 1 show the effect of sucrose concentration and temperature on WL, WR, SG, and shrinkage, when immersion time is kept constant. The WL, WR and SG increases with sucrose concentration over the entire osmotic dehydration process. Generally the larger the osmotic solution concentration the larger the water loss from the food is obtained. [14] The rate of water loss and weight reduction gradually slowed down with increased concentration and then decreased slightly at high temperature. This result was similar to those reported by Cao et al. [12] and Ponting, Walters, and Wang. [40] Cao et al. [12] found that above 60% sugar concentration, additional increase in sugar concentration did not promote further water loss in kiwifruit. The increase in solid gain with increasing sugar concentration is higher at high temperatures (50-60°C). These result agreed with Eren and Kaymak-Ertekin [31] and Cao et al. [12] Shrinkage of samples reduced with increasing the sucrose concentration ( Fig. 1) . Sugar movement into intracellular space might be the reason of shrinkage reduction.
The interaction effect of sucrose concentration and temperature on WL shows that water loss is favored by increasing concentrations sucrose and increasing temperature (Fig 1) which was similar to the study by Cao et al. [12] , Uddin, Ainsworth, and Ibanoglu [29] , Rodrigues and Fernandes, [41] and Eren and Kaymak-Ertekin. [31] WR, SG and shrinkage also increase with increase in temperature ( Fig. 1) , which were consistent with literature values. [12, 14] Contreras and Smyral [43] proposed that the reason for this phenomenon is that higher temperatures seem to promote faster water loss through swelling and plasticizing of cell membranes as well as the better water transfer characteristics on the product surface due to lower viscosity of the osmotic medium. Weight reduction reached nearly the equilibrium conditions at 50% sucrose concentration at higher temperatures. These result had agreement with other studies. [29, 31, 42] Figures 2 show that the immersion time and the temperature of the osmotic solution were the most important effects on WL, WR, and SG. At the beginning of the process, because osmotic dehydration was not completed and due to the high osmotic driving force between the concentrated solution and the fresh sample, the rate of water removal and solid gain was relatively high. The WL, WR, and SG increases sharply with immersion time but at higher temperature, time didn't have a significant effect on shrinkage. Similar results have been reported by a vast number of researchers. [29, 31, 41, 44, 45] Optimization Numerical and graphical optimization was carried out for the process parameters for osmotic dehydration of plum. Optimum condition for osmotic dehydration was determined to obtain maximum water lost, and weight reduction with minimum solid gain and shrinkage. In this study, sucrose concentration, temperature and immersion time were selected in the range of 30-60 g/100 g sample, 40-60°C and 60-240 min, respectively. The highest value of WL: 63.49% and WR: 59.87% with lowest, SG: 3.62% and shrinkage: 37.88% were provided by using sucrose concentration of 60 (g/100 g sample) and temperature of 40°C during 240 min of immersion time. Figures 1 and 2 presents the effect of sucrose concentration, emersion temperature and time on WL, WR, SG and shrinkage. Superposition of these contour plots was carried out to obtain Figs. 3 and 4 , which were utilized to determine the best combination of osmotic dehydration of plum. A small shaded area, namely overlay area of the four responses is assigned as the optimum area of osmotic dehydration of plum which represents a higher amount of WL and WR and low SG and shrinkage. The optimum ranges obtained are sucrose concentration: 60-61.19 (g/100 g sample) and temperature: (Fig. 3) . The optimum combination of temperature and time of emersion when the sucrose concentration was kept at 60 (g/100 g sample) was derived averaging those values: temperature = 40.91-41.73°C and time = 200-287.6 min.
CONCLUSION
The results showed that in most cases, an increase of sucrose concentration, temperature and immersion time increased WL, SG, WR, and shrinkage, except the increasing of immersion time for osmotic treatment has no effect on shrinkage. It was found that immersion time and temperature were the most significant factors affecting the WL and WR during osmotic dehydration. Effect of temperature and time were more pronounced for SG than the concentration of sucrose solution. Predictive equations of WL, SG, WR and shrinkage using a response surface methodology can be used to find optimum conditions for the physical properties of sweet plum products. The process conditions were optimized by numerical and graphical optimization methods and the optimum product qualities in terms of WL (63.49%), WR (59.87%), SG (3.62%), and shrinkage (37.88%) were obtained at sucrose concentration of 60 (g/100 g sample), temperature of 40°C and 240 min of immersion time. 
